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ABSTRACT
The promotion of public transit is a central policy tool in the German government's efforts to mitigate pollution, congestion, and other automobile-caused externalities. Drawing on a household survey spanning 1997-2007 from Germany, this analysis investigates the decision to purchase a weekly or monthly transit pass against the backdrop of two questions: 1) Does gender play a role in determining the probability that an individual owns a pass? 2) If so, how is this role mitigated or exacerbated by other socioeconomic attributes of the individual and the household in which they reside? These questions are pursued through a combination of descriptive analyses and econometric methods, the latter of which relies on variants of the probit-and heteroskedastic probit model to control for the effects of unobserved heterogeneity that could otherwise induce biased estimates. The model uncovers several determinants of transit pass patronage over which policy makers have direct leverage, including fares, fuel prices, and the siting of transit stops. Moreover, while women are found to have a higher probability of owning a transit pass than men, the model identifies few variables whose impact differs according to gender, with the two exceptions being the number of children in the household and the distance to work. This absence of differential effects implies that policy measures to increase ridership are likely to have a roughly uniform impact among women and men.
INTRODUCTION
In Germany, as elsewhere in the industrialized world, the promotion of public transit is a central policy tool in the mitigation of pollution, congestion, and other automobilecaused externalities. Despite Germany's relative success in capping emissions from transport, which rose by 1% between 1990 and 2005 compared to a 26% increase in the European Union (EEA 2008) , public transit use has been on the decline. Between 1994 and 2003, the percent of trips traveled by transit dropped by 1%, contrasted by a 16% increase in motor vehicle trips (DESTATIS 2006) . To counter this trend, the country's transport ministry has placed a high priority on improving the competitive position of public transit relative to the automobile (BMVBS 2009 ). An important step in this endeavor is to identify the economic and structural factors that draw or repel potential transit customers, thereby enabling the design of measures to increase ridership among those segments of the population where the scope for mode switching is greatest. The impact of gender, in particular, is relevant to such assessments inasmuch as substantial differences between women's and men's mobility behavior has been observed in transit usage (Pickup 1985; Hamilton 2001; Matthies, Kuhn, and Klöckner; 2002) . With few exceptions (e.g. Patterson, Haider, and Ewing 2005) , women are found to be the predominant transit customers.
Nevertheless, the combined effects of entry into the labor force coupled with continued household-and childcare responsibilities have impelled many women to adapt increasingly complex travel patterns (Rosenbloom and Burns 1994; Turner and Niemeier 1997; Sermons and Koppelman 2001) . One outcome of these multiple responsibilities is a greater reliance on the car, which in Germany is evidenced by an increase in the share of vehicle kilometers driven by women from 31% in 1996 to 36% in 2007.
While the shifting pattern in the role of women in the household has undoubtedly impacted their propensity to use public transportation, there is to date a dearth of conclusive evidence on how the relationship between socioeconomic circumstance and transit use differs by gender. Although several studies have suggested that women have unequal access to the car and conduct more of their travel by public transportation or by foot (Manning 1978; Guilano 1979; Hanson and Johnston 1985; Preißner et al. 2000) , dissenting evidence has also emerged that points to little difference between men and women in private automobile use (Gordon, Kumar, and Richardson 1989; Rosenbloom 1996) . In one of the few studies conducted on this issue in the German context, Heine, Mautz and Rosenbaum (2001) find that children are the most important factor in increasing female car use, which they attribute to the traditional role of women in assuming shopping and accompaniment duties, as well as to security aspects of caring for children in the case of emergencies. A more recent study of German households by Vance and Iovanna (2007) concurs with this view, finding that while women use the car less than men, this difference diminishes with the presence of children and with the availability of a car. The implications of this pattern for transit use, however, have gone largely unexplored.
The present paper aims to fill this void with an econometric analysis that uses an expanded version of the data analyzed by Vance and Iovanna (2007) . Specifically, the paper explores transit use from an angle that has heretofore received scant attention in the literature: the ownership of weekly or monthly public transit passes.
Understanding the determinants of transit pass ownership is significant to a range of themes that are of importance to transport planning, including efforts to anticipate ridership levels and improve capacity utilization. With regard to the latter, the German data suggests that pass ownership is a good indicator of transit patronage: Those with passes undertake an average of 6.84 transit trips per week, compared with an average of 0.55 for those not owning a pass. Public transit systems across Germany thus have a keen interest in increasing their sale, typically offering steep discounts for monthly passes that average 60% of the standard fare for adults and 75% for high school and university students (Buehler, Pucher, and Kunert 2009) .
Following a presentation of the data and some descriptive statistics, the paper proceeds by estimating a probit model of the determinants of transit pass ownership.
The specification includes a rich array of explanatory variables, many of which, such as fares and fuel prices, have immediate relevance for policy but have rarely been parameterized using individual level data. This focus on individual choices confers the opportunity to test for heterogeneous responses that is otherwise precluded by the reliance on aggregate data commonly found in the literature. To facilitate interpretation, the assessment moves beyond the standard focus on the significance and magnitude of the parameter estimates to consider their implications for predicted outcomes. For this purpose, Monte Carlo simulation is employed to explore the predictions of the model and the associated degree of uncertainty. The paper concludes with a discussion of policy implications and suggestions for future research.
DATA
The main data source used in this research is drawn from the German Mobility Panel Individuals that participate in the survey are requested to fill out a questionnaire eliciting general household information and person-related characteristics, including zip code of residence, gender, age, employment status and relevant aspects of everyday travel behavior. In addition to this general survey, the MOP includes a separate survey focusing specifically on vehicle travel among a 50% sub-sample of randomly selected car-owning households. These households are drawn from the larger MOP-data set used in the present analysis. This so-called "tank survey" takes place over a roughly six-week period, during which time respondents record sundry automobile-related information, including the price paid for fuel. As this variable is a potentially important determinant of transit pass ownership, it was linked with the larger sample of households in the MOP by using a Geographic Information System to create a coverage of spatially interpolated fuel prices (in real terms) for all of Germany. The coverage was then overlaid onto the map of household locations in the MOP data, thereby allowing for each household to be ascribed the locally prevailing fuel price.
This process was repeated for each year of the data, yielding a dataset of fuel prices that varies over space and time. An accuracy assessment of the data was undertaken by calculating the yearly average fuel prices and comparing these with those published for the German market by the oil company Aral (Aral 2009 ). The correspondence between the two sources is tight, deviating by an average of less than 1% over the 1996-2007 time-interval (Frondel and Vance 2010) .
In addition to fuel prices, another important cost-determinant of transit use is the fare.
Data on this variable was obtained by an internet-based survey that retrieved the price for a monthly ticket for each of the 90 regional transit authorities (Verkehrsverbünde) in Germany.
Each household was then assigned the monthly fare of the Verkehrsverbund in which it is situated. Fares were converted into real terms using a consumer price index for Germany.
The dependent variable used in the model is drawn directly from the MOP and assumes a value of 1 if the individual owns a weekly or monthly transit pass and zero otherwise. Table I are also more likely to own a pass in households in which there is at least one car per licensed driver, providing some contradictory evidence to the notion that that women are "captive riders" who only use public transit because they lack access to a car.
Interestingly, the only two categories for which the shares are statistically indiscriminant are among students and individuals with children. While the former category is the largest user group overall, it is also the one in which other dimensions of gender roles are likely to be relatively equalized. The presence of children, by contrast, presumably leads to a more pronounced difference in gender roles, but one that draws women away from reliance on transit. 
EMPIRICAL METHOD

The estimator
To explore the pattern presented in Table I more rigorously, the empirical methodology proceeds by specifying a structural model describing the probability of transit pass ownership:
where x is a vector of explanatory variables, ε is an error term, ß is a vector of estimated coefficients, and the subscript i denotes the observation. The variable yi* measures the utility associated with possessing a transit pass, and is therefore unobservable.
We do, however, observe the associated outcome, which can be denoted by the dichotomous variable yi:
and 0 otherwise (2) In the present analysis, yi equals one for individuals who own a pass and zero for nonowners. Referring to equation (1), if the error term is assumed to have a normal distribution, then the parameters ß can be estimated using the maximum likelihood method with the probit link function:
where  is the standard normal distribution function.
One of the key assumptions underlying the probit model is homoskedasticity of the disturbances, the violation of which results in spurious inferences regarding statistical significance and -contrasting with linear regression -inconsistent parameter estimates (Yatchew and Griliches 1984) . To address this issue, the present analysis draws on a more general class of models collectively referred to as heterogeneous choice models. These methods can be employed in the context of binary or ordinal models to model the variance of individual level choices and thereby correct for biases induced by heterogeneity. The probit variant of the heterogeneous choice model is:
where the numerator is referred to as the choice equation while the denominator is the variance equation. This latter equation contains a vector of variables, z, that are posited to determine the error variances. For example, women may exhibit greater unobserved variance in their choices than men, which would dictate the inclusion of a gender dummy among the z. In this regard, one of the main challenges in employing such a model is in correctly identifying the cause of the heteroskedasticity, as theoretical considerations generally provide little guidance. Following Williams (2009a), a stepwise procedure, elaborated below, is consequently employed to specify the variables in the variance equation.
Interpretation
In interpreting the estimates from the probit model, interest generally focuses on the effects of changes in one of the independent variables on the probability of a zero or one outcome. For the standard probit, this marginal effect is given by:
where  is the standard normal density function. The corresponding formula for the heteroskedastic probit accommodates the possibility that the explanatory variable of interest appears in one or both of the choice-and variance equations:
where the second term drops out if w is only included in the choice equation, while the first term drops out if it is only included in the variance equation.
The marginal effects are generally calculated at the mean of the other independent variables and can be requested in the output of most statistical software packages, though some care must be taken in their interpretation when interaction terms are involved. As Ai and Norton (2003) discuss, the interaction effect for two variables in non-linear models such as the probit requires computing the cross derivative They show that this latter calculation often results in false inferences with respect to both the sign and significance of the interaction term. Consequently, we follow their recommendation to calculate the interaction effect as given by the cross-derivative.
To further facilitate interpretation, the predicted outcomes and associated 99% confidence intervals for particular variables of interest are plotted using statistical simulation (King, Tomz and Wittenberg 2000) . Recognizing that the parameter estimates from a maximum likelihood model are asymptotically normal, the method employs a sampling procedure akin to Monte Carlo simulation in which a large number of values -say 1000 -of each estimated parameter is drawn from a multivariate normal distribution. Taking the vector of coefficient estimates from the model as the mean of the distribution and the variance-covariance matrix as the variance, the simulated parameter estimates can be used to generate expected values and, more importantly, the associated degree of uncertainty. As illustrated below, the generation of confidence intervals, in particular, reveals insights that would otherwise be neglected were the analyst to focus exclusively on the parameter estimates and their standard errors. Annotated code for generating these and all other results presented in the paper, which was written using the Stata software, is available from the authors upon request.
Explanatory variables
The suite of variables selected for inclusion measures the individual and householdlevel attributes that are hypothesized to influence the allocation of travel expenditures in maximizing utility. Variable definitions and descriptive statistics are presented in Table II . As many of these variables could either positively or negatively affect the probability of owning a transit pass, it is not always possible to state a priori which effects are expected to prevail. Negative signs are ascribed to the variables that either increase the opportunity-and/or transaction costs of transit use or decrease these costs for automobile use, including household income, the distance to the nearest transit stop, the fare ticket price relative to the fuel price, and dummies indicating driver-license holders and households in which the number of cars equals or exceeds the number of licensed drivers. Positive signs are ascribed to variables that are indicative of the availability or quality of public transit, including population density and the dummies for residence in a large city and for rail transit service at the nearest transit stop. The student dummy is also expected to have a positive sign, as students are typically offered discounts on the purchase of transit passes. The inclusion of time dummies in the model was also explored, but as these were individually and jointly insignificant, they were excluded from the final specification. Table I , the female dummy variable has a positive coefficient, suggesting that women have a 0.02 higher probability of owning a transit pass than men. The variables age and distance to work or school, which are specified as a quadratic, both have non-linear effects. Increases in age initially decrease but subsequently increase the probability of owning a pass, with the reversal point occurring at roughly an age of 61. By contrast, increases in distance to work increase the likelihood of owning a pass but at a decreasing rate. As expected, students are more likely to own a pass, as are those with a college preparatory degree, while licensed drivers are less likely.
RESULTS
With the exception of income and the rail transit dummy, the household level variables are also highly significant and have the expected signs. A particularly large effect is seen for the dummy indicating car availability, which decreases the probability by 0.12 relative to individuals in households in which the number of cars is less than the number of license holders. Increases in the fare relative to the fuel price also decrease the likelihood of owning a pass, as does an increase in the distance to the nearest metro stop, while population density and residence in a large city both increase the probability. The two demographic variables, the number of adults and the number of children, each decrease the probability of transit pass ownership by roughly 0.03. 
Fit
Log-likelihood -6206 -6123 -6111 Wald test 97.59** 95.22** **significant at the 1% level; * significant at the 5% level To explore the robustness of these results, the middle panel of Table III presents estimates from the heteroskedastic probit model, which controls for differences in the unobserved variance. Drawing from the full set of predictors in the choice equation, those in the variance equation were selected using a stepwise procedure that excluded variables whose significance levels were greater than 5% (Williams 2009a,b) . This resulted in the selection of six variables -age, distance to work, the number of adults, the fare relative to fuel price, population density, and the dummies indicating licensed drivers and car availability. Of these, only the latter has a negative coefficient, suggesting that individuals in households with at least one car per licensed driver have less variability in the propensity to own a transit pass. Increases in the remaining variables in the variance equation increase this residual variability.
While the addition of the heteroskedasticity parameters significantly improves the fit of the model (166 chi-square with 6 degrees of freedom), the conclusions emerging with respect to the explanatory variables remain largely unchanged. Across the board, the magnitude of the coefficient estimates from the heteroskedastic probit is larger, in many cases over two-fold those of the standard probit model. However, a comparison of the marginal effects calculated from the two models suggests negligible differences for most variables. The one exception is the employed dummy, which is insignificant in the probit model but negative and highly significant in the heteroskedastic probit.
The final step in developing the model involved the inclusion of interaction terms to test for whether the impact of the explanatory variables varied by gender. Several specifications were explored using alternative sets of interaction terms modeled either individually or jointly, none of which had a substantial bearing on the remaining coefficient estimates. Ultimately, two variables were found to have differential impacts by gender, the distance to work and the number of children, both of which have a higher magnitude among females. These differences are indicated in the right panel of Table III , where the positive effect of distance to work on the probability of owning a transit pass is seen to be stronger for women, as is the negative impact of children. By taking the derivative of equation (4) with respect to distance and accounting for the interactions, it is possible to quantify the size of the effects for each gender evaluated at the means of the other explanatory variables:
where β1, β2, β3, and β4 are the coefficients on distance, distance squared, female, and the interaction of distance and female, respectively. Among women, a 10 kilometer increase in the distance to work increases the probability of owning a transit pass by an average of 0.056, while the corresponding effect for men is 0.040. Applying the same formula, we find that additional children decrease the probability for women by 0.039, with a considerably weaker negative effect for men of 0.012.
Further insight into these differences can be gleaned from Figure I , which shows the simulated probabilities of transit pass ownership and confidence intervals using Monte Carlo simulation (King, Tomz and Wittenberg 2000) . The descriptive statistics presented at the outset of the analysis suggests that women are more likely to own transit passes than men, a finding that is confirmed by econometric modeling that holds fixed the influence of other confounding factors related to the individual and their socioeconomic environment. Specifically, the coefficient estimate obtained from the heteroskedastic probit model indicates that women have a 0.027 higher probability of owning a transit pass, which validates other work pointing to women as the primary transit users. At the same time, the modeling uncovers few variables whose impact differs according to gender, with the two exceptions being the number of children and distance to work. This absence of differential effects of the explanatory variables by gender implies that many of the levers available to policy-makers for influencing transit pass patronage, such as fare price setting and the siting of transit stops, are likely to have a roughly uniform impact among women and men.
That said, the fact that a clear majority of pass holders are women suggests that gender-considerations figure in to the formulation of policies to encourage and facilitate the use of transit. Policy-makers should be especially cognizant of the possibility that traditional gender roles play a role in determining mobility behavior. Several studies, for example, have found evidence for so-called patriarchal constraints in dictating first-choice of car use by men (Pickup 1985; Vance, Buchheim, and Brockfeld 2005; Vance and Iovanna 2007) . Children and child-bearing responsibilities seem to be of particular relevance as a mediating factor in this respect. Mirroring the results presented here, Vance and Iovanna (2007) find that while women are less likely to use the car than men, car access is equalized with the presence of children in the household. That children are found to reduce the likelihood of transit pass ownership in the present study, particularly for women, suggests that measures facilitating the use of transit by families -perhaps via allowances for guest-riders -offer promise for increasing ridership.
The focus of this research on transit pass ownership admittedly abstracts from actual transit use, but is nevertheless argued to be indicative of regular patronage and to have relevance for anticipating ridership levels and capacity planning. Moreover, the results presented here can serve as a platform for additional research that probes deeper into the micro-level determinants of transit use and the potentially mediating role of gender.
One such extension would examine trip behavior directly, incorporating elements of activity based analysis by modeling transit trips as a two stage decision. The first stage would model the type of activity undertaken (e.g. work, recreation, maintenance), while the second would model the likelihood of transit use, conditional on that activity. Such an approach would provide a more nuanced understanding of how the division of activities within the household impacts mobility behavior. A second extension would involve augmenting the data set used here to include better coverage of supply-side determinants. While some caution is warranted in ascribing a causative interpretation to variables that measure urban form (Vance and Hedel 2007) , the positive effects of residence in a large city and population density suggests that individuals are highly responsive to the settlement patterns in their immediate vicinity. Hence, a goal of future work is to pursue this issue further by using GIS to merge in variables that measure the density and service levels of public transit, including the geographical coverage and trip frequency of the transit network.
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